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ABSTRACT 

A field experiment was conducted during the major cropping season of 2014 at the Plantation Section of the 
Department of Crop and Soil Sciences, Kwame Nkrumah University of Science and Technology, Ghana to evaluate the 
effect of nitrogen (N) and phosphorus (P) fertilizer rates on the crude protein content, nutrient concentration and nodulation 
of cowpea cultivar Asontem. The N fertilizer rates were 0, 10, 20, 30 and 40 kg N/ha applied as urea, while the P rates 
were 0, 15, 30 and 45 kg P2O5/ha as triple superphosphate (46% P2O5). Factorial experiment was used and treatments were 
arranged in a Randomized Complete Block Design with three replications. The results indicated that the number of nodules 
significantly decreased with an increase in N application rates - 0 kg N/ha giving the highest nodule number and 30 kg 
N/ha the least. Conversely, number of nodules increased significantly with an increase in P rates – it was lowest at 0 kg 
P2O5/ha and highest at 45 kg P2O5/ha. All the other nodulation parameters were not significantly affected by N and P rates. 
Furthermore, cowpea seed N, seed crude protein and cowpea total plant N contents were significantly affected by N rates - 
the highest values were obtained at 30 kg N/ha. Cowpea seed N, seed crude protein and cowpea total plant N were not 
affected by P rates. Residual nutrient content was not significantly affected by either N or P rates. Interaction effect of N 
and P rates was significant for cowpea seed N, crude protein and plant total N. The interaction of 30 kg N/ha and 0 kg 
P2O5/ha gave the highest values for seed N, crude protein and plant total N.  
 
Keywords: cowpea, nitrogen, phosphorus, crude protein, nodulation, nutrient content. 
 
INTRODUCTION 

Malnutrition is caused by insufficient food intake 
(WHPFS, 2015). According to WHPFS (2015), the most 
important type of malnutrition is protein-energy 
malnutrition (PEM), which is basically a lack of calories 
and protein.  In the human body, food is converted into 
energy which is measured by calories. The importance of 
protein to the human body cannot be overemphasized as it 
is necessary for key body functions including the 
provision of essential amino acids and the development 
and maintenance of muscles (WHPFS, 2015). Protein-
energy malnutrition is the more fatal form of 
malnutrition/hunger and is the form referred to when 
world hunger is discussed (WHPFS, 2015). According to 
the Food and Agriculture Organization of the United 
Nations (FAO), about 795 million of the 7.3 billion people 
on earth were suffering from chronic malnutrition in 2014-
2016, and almost all (780 million) lived in developing 
countries (FAO, 2014). One reason for the prevalent 
malnutrition in developing countries is the extreme 
poverty status of most people, which makes it difficult for 
them to afford the necessary quantity of protein in their 
diet. Therefore, the identification and improvement of 
cheap and affordable sources of protein is a prerequisite 
for improving the diet`s quality, thus combating 
malnutrition in sub-Saharan Africa (SSA).  
Cowpea (Vignaunguiculata (L.) Walp.) is one of the most 
important grain legumes in West Africa (El Naim and 

Jabereldar, 2010). It covers about 12.5 million hectares of 
land with an annual production of about 3.3 million tons 
(El Naim and Jabereldar, 2010). It is an important recipe 
in SSA and a cheap source of dietary protein, lysine and a 
supplement for meat (Bresami, 1985; Stanton, 1966). The 
crude protein content of cowpea (23% in the seeds and 
32% in the leaves) (Diouf, 2011) is about twice that of 
most cereals (Kay, 1979) and its amino acids complement 
those of cereals (Fashakin and Ojo, 1988; Fashakin and 
Fasanya, 1988; Asumugha, 2002). The high nutritional 
content of cowpea has been reported by several authors 
and has the potential to improve the diet of people in SSA 
(Platt, 1962; Adams, 1984; Rachie et al., 1985; Achuba, 
2006). 

Despite the importance of cowpea as an essential 
source of protein for about 700 million people in the 
developing countries of Latin America, Asia and Africa 
(Adeyemi et al., 2012) and as the largest contributor to the 
overall protein intake of several rural and urban families 
(Agbogidi, 2010), its availability is impeded by low 
production as a result of poor soil fertility status in SSA 
(Haruna et al., 2011). This necessitates external sources of 
nutrients for increasing cowpea production in these low 
fertility soils. 

Nitrogen and phosphorus are important nutrients 
for cowpea production in SSA (Singh et al., 2007; Magani 
and Kuchinda, 2009) but are widely deficient in soils 
(Haruna et al., 2011). Although cowpea can fix 
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atmospheric nitrogen through symbiotic association with 
Rhizobium bacteria, it responds positively to added 
organic and inorganic fertilizer (Madukwe et al., 2008; 
Singh et al., 2011). The application of N to cowpea has 
been reported to increase its growth, yield and the 
nutritional quality of the seeds (Amujoyegbe and Alofe, 
2003; Singh et al., 2007). N fertilizer also affects 
biological nitrogen fixation (Akter et al., 1998) of most 
legumes. The shortage of N early in the life of the plant 
will adversely affect nodule weight and thus total 
nitrogenase activity per plant (Huxley and Summerfield, 
1973). Yinbo et al. (1997) reported that nitrogen 
application at the vegetative, flowering or pod filing stages 
can potentially increase the proportion of plant N derived 
from N fixation. Good establishment and vigorous growth 
of legumes ensure good development of nodules and thus 
result in high N fixation. 

Phosphorus is an essential macronutrient for 
legume growth and function (Ribet and Drevon, 1996). It 
is required for the physiological processes of protein 
synthesis and energy transfer in plants (Oti et al., 2004). 
Several authors report that the application of phosphorus 
improves growth, dry matter production and distribution 
and yield of cowpea (Singh et al., 2011; Fageria et al., 
2006; Rajput, 1994). The application of phosphorus 
fertilizer to legumes also increases nodulation and nitrogen 
fixation (Robson and O‘Hara, 1981), by increasing top and 
root growth, decreasing the time needed for developing 
nodules to become active, increasing the number and size 
of nodules and the amount of N assimilated per unit 
weight of nodules, increasing the percentage and total 
amount of N in the harvested portion of the host legume, 
and improving the density of rhizobial bacteria in the soil 
surrounding the root (Armstrong, 1999). 

Although several studies indicate the positive 
effects of nitrogen and phosphorus on the growth and yield 
of cowpea, information is limited on the nitrogen and 
phosphorus requirements of cowpea for optimum crude 
protein content, nutrient concentration and nodulation in 
the semi-deciduous forest zone of Ghana. Therefore, this 
study was carried out to evaluate the influence of nitrogen 
and phosphorus on crude protein, nutrient concentration of 
residue and nodulation in cowpea in the semi-deciduous 
forest zone of Ghana. 
 
MATERIALS AND METHODS 
 
Experimental site 

The field study was conducted during the major 
cropping season of 2014 at the Plantation Section of the 
Crop and Soil Sciences Department, Kwame Nkrumah 
University of Science and Technology (KNUST), Kumasi. 
Kumasi lies in the semi-deciduous forest vegetation zone 
of Ghana, about 356m above sea level on latitude 06° 
43‟N and longitude 01° 33‟W (Asiamah, 1998). The soil 
at the experimental site is well-drained sandy loam 
overlying reddish-brown and gravelly light clay (Asiamah, 
1998). It belongs to the Kumasi series, Ferric Acrisol 
developed over deeply weathered granite rocks. 

Rainfall in the area is bimodal with an average 
annual precipitation of 1422.4 mm. The major rainy 
season extends from mid-March to July, with a short dry 
period in August, while the minor rainy season extends 
from September to November, followed by the main dry 
season from late November to mid-March. The average 
relative humidity for 2014 varied from 83.88% (09 hours 
GMT) during the major and minor rainy seasons to 
58.42% (15 hours GMT) during the dry season 
(Metrological Department, KNUST, 2014). Annual 
average maximum and minimum temperatures for 2014 
were 31.59oC and 22.09oC, respectively. The mean daily 
maximum and minimum temperatures during the period of 
the experiment were 29.01oC and 21.32oC, total rainfall 
was 466.55mm, and relative humidity varied from 77.84% 
(09 hours GMT) to 51.34% (15 hours GMT) (Metrological 
Department, KNUST, 2014). 
 
Physical and chemical soil analysis 

Soil samples were collected from the 
experimental site at 0-15 cm and 15-30 cm. These samples 
were air-dried, sieved using a 2 mm mesh sieve, and 
analyzed in the laboratory for physical and chemical 
properties which are presented in Table-1. Soil pH was 
measured in a 1:2.5 soil:water suspension using a glass 
Electrocalomel electrode (Mclean, 1962) pH meter. The 
Walkley-Black wet combustion procedure (Nelson and 
Sommers, 1982) was used to determine organic carbon. 
Percent organic carbon was multiplied by 1.724 (The Van 
Bemmelen factor) to obtain the percent organic matter 
content. Total nitrogen was determined by the Macro 
Kjeldahl method described by Bremmer and Mulvaney 
(1982). The Bray-1 test method was used to determine 
phosphorus with dilute acid fluoride as the extractant 
(Jackson, 1967). Exchangeable base cations were 
extracted using ammonium acetate at a pH of 7.0. Calcium 
and magnesium were determined with the Ethylene 
Diamine Tetraacetic Acid (EDTA) titration method 
(Heald, 1965) while potassium and sodium were 
determined by the flame photometer method. Particle size 
was determined using the hydrometer method (Bouyoucos, 
1962). 
 
Experimental setup and management 

The experiment was a 5 x 4 factorial arranged in 
a randomized complete block design, with three 
replications. There were five levels of nitrogen (Factor A) 
using urea (46% N) with four levels of phosphorus 
fertilizer (Factor B) using triple super phosphate (46 % 
P2O5). The nitrogen fertilizer levels were 0, 10, 20, 30 and 
40 kg N/ha and the phosphorus fertilizer levels were 0, 15, 
30 and 45 kg P2O5 /ha. The experimental site was slashed, 
ploughed and harrowed with a tractor and levelled 
manually. Using a measuring tape, garden line and pegs, 
60 plots were laid out, each measuring 4.1×1.9 m with 1m 
between replications and 0.5 m between plots. On 17 June, 
2014, three seeds of cowpea, variety Asontem, were 
planted per hill at a depth of 4 - 5 cm with 60 cm between 
rows and 20 cm between hills in a row. The seedlings 
were thinned to 2 per hill at 14 days after planting (DAP). 
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Fertilizer was applied by side band placement at 
14 DAP. Two hoe weeding were done at 13 and 35 DAP. 
Lambda Master 2.5% E.C. (Lambda-Cyhalothrin, 9.8 %) 
at the rate of 100ml in 15 L of water was applied using a 
knapsack sprayer at 10 days intervals to control 
grasshoppers and other leaf chewing insects, while aphids 
were controlled by applying sunpyrifos 48% E.C. 
(Chlorpyrifos-methyl) every 7 days at the rate of 50ml to 
15 L of water. 
 
Data collection 
 
Number of nodules, effective nodules and nodule dry 
weight 

The numbers of nodules and effective nodules 
were determined at 2 and 4 weeks after fertilizer 
application (WAFA) when five plants from each plot were 
dug out gently, and all nodules including detached ones 
were collected and kept in labelled polythene bags. In the 
laboratory, the nodules were washed, counted and the 
mean number calculated for each plot.  

Fifteen randomly selected nodules were cut open 
using a razor and their effectiveness was determined using 
a hand lens. Nodules with a pink or reddish colour were 
declared effective and fixing nitrogen, while those with a 
cream to whitish or greenish colour were recorded as 
ineffective (Mpepereki and Makonese, 1998). The 
percentage of effective nodules was then calculated.  

All nodules (effective and ineffective) per plot 
were kept in labelled envelops and oven-dried at 80oC for 
48hours. The average dry weight of nodules per plant was 
computed for each plot. 
 
Total nitrogen, crude protein, crude fat and fibre 
content in the cowpea seeds 

At harvest, cowpea seeds of 5 randomly selected 
plants per plot were oven-dried at 80oC for 48 hours, 
ground separately using a micro-hammer mill, and stored 
in labelled air-tight plastic containers prior to analysis. The 
total nitrogen content of the seeds was determined using 
the Macro Kjeldahl method described by Bremmer and 
Mulvaney (1982). Crude protein content was determined 
by multiplying the nitrogen content of the seeds for each 
treatment by a conversion factor of 6.25 (Okwu et al., 
2006).Crude fat and fibre were determined using the 
methods described by AOAC (2000). 
 
Plant nutrients (N, P and K) concentrations 

Five cowpea plants per plot were collected at 
harvest to assess N, P and K concentrations in the 
biomass. They were oven-dried at 80o C for 48 hours, 
ground separately for each plot using a micro-hammer 
mill, and stored in labelled air-tight plastic containers prior 
to analysis. Total nitrogen (N) was determined using the 
Macro Kjeldahl method described by Bremmer and 
Mulvaney (1982).The Bray-1 test method was used to 

determine phosphorus with dilute acid fluoride as the 
extractant (Jackson, 1967). Potassium was determined by 
the flame photometer method.  
 
Data analysis 

The data collected were subjected to analysis of 
variance (ANOVA) using GenStat statistical package 12th 
edition. The treatment means were compared using the 
Least Significant Difference (LSD) at 5% level of 
probability. Correlation analysis was performed for 
number of nodules and nodule dry weight. 
 
RESULTS 
 
Soil physical and chemical properties  

The pre-sowing soil test results presented in 
Table-1 show that the soil is sandy loam, slightly acidic 
and low in fertility especially in nitrogen, phosphorus and 
organic matter. 
 

Table-1. Characteristics of the soil at the 
experimental site. 

 

Depth (cm) 0-15 15-30 

pH 5.57 5.50 

%  Total Nitrogen 0.15 0.12 

Available 
Phosphorus (mg/kg) 

5.65 5.22 

%  Organic Carbon 0.72 0.50 

% Organic matter 1.24 0.86 

Exchangeable bases 
(cmol kg-1) 

  

Potassium 0.16 
0.09 

 

Calcium 2.00 
2.80 

Sodium 0.38 
0.37 

 

Magnesium 1.00 
0.80 

 

% Sand 84.30 
80.90 

 

% Silt 3.90 
4.07 

 

% Clay 11.80 
15.03 

 

Soil texture                    Sandy loam         Sandy loam 

 
Nodulation parameters 

The number of nodules per plant, percent 
effective nodules per plant and nodule dry weight per plant 
as influenced by nitrogen and phosphorus fertilizer 
application at two sampling periods are presented in 
Table-2. 
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Table-2. Influence of nitrogen and phosphorus fertilizer levels on nodule parameters of cowpea 
at 2 and 4 weeks after fertilizer application (WAFA). 

 

 Number of nodules % effective nodules Nodule dry weight (g) 

Treatments 2 WAFA1 4 WAFA 2 WAFA 4 WAFA 2 WAFA 4 WAFA 

N rates (kg N/ ha) 

0 
 

17.88 25.02 80.00 85.00 0.008 0.051 

10 17.57 20.32 66.70 90.00 0.005 0.031 

20 17.40 19.78 88.30 78.30 0.007 0.032 

30 18.18 17.73 76.70 81.70 0.005 0.029 

40 19.28 18.73 73.30 71.70 0.010 0.032 

LSD (5%) NS2 3.94 NS NS NS NS 

P rates (kg P2O5/ ha) 

0 16.99 17.81 69.30 76.00 0.007 0.028 

15 18.31 18.92 77.30 70.70 0.005 0.030 

30 16.31 20.55 82.70 90.70 0.007 0.036 

45 20.65 23.99 78.70 88.00 0.010 0.046 

LSD (5%) NS 3.52 NS NS NS NS 

CV (%) 26.9 23.5 37.1 33.4 89.1 57.4 
 

WAFA = weeks after fertilizer application; 2. NS = not significant at P < 0.05.  
 

Nodule number per plant was significantly (P < 
0.05) affected by nitrogen and phosphorus rates at 4 
WAFA but not at 2 WAFA. At 4 WAFA, the number of 
nodules decreased with an increase in the rate of N 
application between 0 and 30 kg/ha. Application of 0 kg 
N/ha produced the highest number of nodules per plant 
(25.02), which was significantly higher than in all the 
other treatments. The least number of nodules was 
associated with 30 kg/ha N (17.73). All other treatment 
differences were not significant.  

Among the P treatments, the highest number of 
nodules was recorded at 45 kg P2O5/ha and this was 
significantly higher than with 0 and 15 kg P2O5/ha at 4 
WAFA. All other treatment effects were similar. 

The percentage of effectiveness of nodules was not 
affected by nitrogen or phosphorus levels (Table-2). 

Similarly, nodule dry weight was not significantly affected 
by nitrogen and phosphorus fertilizer application. 
Seed N, plant total N, seed crude protein, seed fat and seed 
fibre content 

The effects of nitrogen and phosphorus fertilizer 
application on seed N, plant total N, seed crude protein, fat 
and fibre content are presented in Table-3.  

The N content of cowpea seed was significantly 
higher (P < 0.05) with  30 kg N/ha than with all other N 
rates and significantly lower at 0 kg N/ha than at all other 
rates of N. P application rates had no significant effect on 
seed N. 

Total plant N was significantly higher (P < 0.05) 
at 30 kg N/ha than at 0 and 40 kg N/ha (Table-3) and 
significantly lower (P < 0.05) at 0 kg N/ha than at all other 
rates of N application. P application, on the other hand, did 
not affect cowpea total plant N content. 
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Table-3. Effects of N and P rates on seed nitrogen, total plant nitrogen, seed crude protein, 
seed fat and seed fibre content of cowpea. 

 

Treatments Seed N (%) 
Total plant 

N (%) 
Seed crude 
protein (%) 

Seed fat 
(%) 

Seed fibre (%) 

N rates (kg N/ ha) 

0 3.46 4.81 21.65 3.57 13.36 

10 3.61 5.11 22.58 3.74 11.15 

20 3.69 5.10 23.12 3.52 13.18 

30 3.82 5.34 23.93 4.70 15.39 

40 3.61 5.09 22.60 3.63 15.08 

LSD (5%) 0.15 0.24 0.94 NS NS 

P rates (kg P2O5/ ha)  

0 3.64 5.12 22.81 3.08 13.30 

15 3.56 4.96 22.30 4.22 14.79 

30 3.70 5.11 23.17 3.65 12.82 

45 3.65 5.17 22.82 4.38 13.61 

LSD (5%) NS NS NS NS NS 

CV (%) 5.0 5.8 5.0 41.3 33.8 
 

NS = not significant at P < 0.05 
 

Seed crude protein content was significantly 
higher (P < 0.05) with the application of 30 kg N/ha than 
at all other rates except 20 kg N/ha, and significantly 
lower (P < 0.05) at 0 kg N/ha than at all other treatment 
except 10 kg N/ha. All other treatment differences were 
not significant. The application of P did not significantly 
affect seed crude protein content. 

The application of N or P showed no significant (P 
> 0.05) effect on cowpea seed fat and seed fibre content 
(Table-3).  
 
Residue N, P and K content 

As shown in Table-4, the application of N or P 
did not significantly affect the N, P and K content of 
cowpea residues. 

 
Table-4. Effects of N and P rates on nitrogen, phosphorus and potassium content of cowpea residues. 

 

Treatments Residue N (%) Residue P (%) Residue K (%) 

N rates (kg N/ ha) 

0 1.34 0.35 1.02 

10 1.50 0.40 1.21 

20 1.40 0.46 1.15 

30 1.51 0.47 1.56 

40 1.47 0.43 1.25 

LSD (5%) NS NS NS 

P rates (kg P2O5/ ha) 

0 1.47 0.41 1.14 

15 1.39 0.42 1.27 

30 1.40 0.42 1.25 

45 1.52 0.43 1.29 

LSD (5%) NS NS NS 

CV (%) 15.7 26.8 41.7 
 

NS = Non-significant 
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Interaction effects of N and P fertilizer application on 
seed N plant total N and seed crude protein 

The application of 30 kg N/ha combined with 0 
kg P2O5/ha produced the highest seed N (4.00%) (Table-

5), plant N (5.67%) (Table-6) and seed crude protein 
(25.00%) (Table-7) content of cowpea compared to all 
other combinations of N and P application levels. 

 
Table-5. Interaction effect of N and P fertilizer application on cowpea seed N content. 

 

Seed N content (%) 

P fertilizer 
application kg 

P2O5 ha-1 

N fertilizer application (kg ha-1) 

0 10 20 30 40 

0 3.27 3.58 3.76 4.00 3.63 

15 3.74 3.65 3.30 3.77 3.37 

30 3.43 3.59 3.90 3.77 3.83 

45 3.41 3.62 3.82 3.76 3.62 

LSD (5%) = 0.30 
% CV = 5.0 

 
Table-6. Interaction effect of N and P fertilizer application on % total cowpea plant N content. 

 

% total plant N content 

P fertilizer 
application kg 

P2O5 ha-1 

N fertilizer application (kg ha-1) 

0 10 20 30 40 

0 4.57 5.26 4.96 5.67 5.13 

15 4.96 5.32 4.59 5.12 4.80 

30 4.76 4.94 5.38 5.06 5.40 

45 4.94 4.92 5.47 5.50 5.03 

LSD (5%) = 0.48 
% CV = 5.8 

 
Table-7. Interaction effect of N and P fertilizer application on cowpea seed crude protein. 

 

Seed crude protein content (%) 

P fertilizer 
application kg 

P2O5 ha-1 

N fertilizer application (kg ha-1) 

0 10 20 30 40 

0 20.45 22.40 23.51 25.00 22.69 

15 23.37 22.82 20.67 23.57 21.06 

30 21.45 22.44 24.39 23.61 23.97 

45 21.35 22.65 23.92 23.53 22.67 

LSD (5%) = 1.88 
% CV = 5.0

 
Correlation between number of nodules and nodule dry weight 
There is a significant (p < 0.05) positive correlation between number of nodules and nodule dry weight at both 2 WAFA (r 
= 0.484) and 4 WAFA (r = 0.850) (Table-8). 
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Table-8. Correlation coefficients (r) between number of nodules and nodule dry weight 
of cowpea supplied with various N and P fertilizer rates. 

 

 
Number of 
nodules at 2 

WAFA1 

Nodule dry 
weight at 2 

WAFA 

Number of 
nodules at 4 

WAFA 

Nodule dry 
weight at 4 

WAFA 
Number of nodules at 2 

WAFA 
     1.000    

Nodule dry weight at 2 
WAFA 

0.484***      1.000   

Number of nodules at 4 
WAFA 

0.487*** 0.527***        1.000  

Nodule dry weight 4 
WAFA 

0.444*** 0.551*** 0.850*** 1.000 
 

1 = Weeks after fertilizer application; * Correlation is significant at the 0.05 level; ** Correlation is 
significant at the 0.01 level; ***Correlation is significant at the 0.001 level; ns = not significant. 

 
DISCUSSIONS 
 
Effects of N and P fertilizer application on cowpea 
nodulation parameters  

The application of nitrogen significantly (P < 
0.05) affected the number of nodules per plant at 4 WAFA 
but not at 2 WAFA (Table-2). The number of nodules 
decreased with an increase in the rate of nitrogen fertilizer 
applied. Laws and Graves (2005) reported that the 
presence of sufficient mineral N in the soil can inhibit 
nodulation. However, our finding that the application of 
nitrogen fertilizer to cowpea depressed nodulation only at 
4 WAFA but not earlier contradicts the report of Atkins 
(1986) that mineral nitrogen application enhanced 
nodulation at the later stages of plant growth. Our results 
suggest that the inhibitory effect of nitrogen on nodulation 
is a gradual process, and that the degree of suppression 
could be more during the later periods of plant growth. 

The application of phosphorus significantly 
affected nodule numbers only at 4 WAFA (Table-3). The 
control (0 kg P2O5/ha) treatment gave the least nodule 
number followed by 15 kg P2O5/ha, 30 kg P2O5/ha, and 45 
kg P2O5/ha. The number of nodules increased 
progressively with an increase in the rate of phosphorus 
applied. This finding corroborates the report of Armstrong 
(1999) that an increase in P increased the number of 
nodules on cowpea roots but contradicts Tewari (1965) 
that P application did not significantly affect the number 
of nodules. Olaleye et al. (2011) also noted a significant 
increase in nodulation following P application. Phosphorus 
is known to initiate nodule formation and influence the 
efficiency of the rhizobium-legume symbiosis, thereby 
enhancing nitrogen fixation (Haruna and Aliyu, 2011). 

Number of nodules at 2 WAFA was highest with 
40 kg N/ha but this did not translate into the greatest 
number of effective nodules. Similarly, at 4 WAFA, the 
control (0 kg N/ha) produced the greatest number of 
nodules but not the highest number of effective nodules.  

The effect of phosphorus fertilizer application on 
nodule effectiveness was similar to that of N application. 
It is possible that some nitrogen fixing bacteria are 
effective in nodule production but inefficient in N fixation. 

Sarkodie-Addo (1991) and Blair (1989) also reported that 
effective nodulation do not result in efficient N fixation. In 
addition, Giller (2001) reported that the ability to form 
nodules is not enough for obtaining an effective N fixation 
symbiosis. 

The results showed that the N treatment (40 kg 
N/ha) which produced the highest number of nodules also 
produced the highest nodule dry weight at 2 WAFA. 
Similarly, at 4 WAFA, the control N treatment which 
produced the greatest number of nodules also had the 
highest nodule dry weight while 30 kg N/ha had the lowest 
number of nodules and the lowest nodule dry weight.  

The results also show that 45 kg P2O5/ha 
produced the greatest number of nodules and the highest 
nodule dry weight at 2 WAFA. At 4 WAFA, there was a 
clear increase in both nodule number and nodule dry 
weight and the latter systematically increased with an 
increase in nodule number. The treatment (45 kg P2O5/ha) 
which produced the greatest number of nodules also had 
the greatest nodule dry weight, while the 0 kg P2O5/ha was 
associated with the lowest number of nodules as well as 
the lowest nodule dry weight. These results indicate that 
treatments that produced more nodules also produced 
larger nodules and thereby greater nodule weight. Indeed, 
there was a significant positive correlation between 
number of nodules and nodule dry weight at both 2 and 4 
WAFA (Table-7). This is contrary to earlier reports by 
Blair (1989) and Sarkodie-Addo (1991) who found a 
negative correlation between nodule number and nodule 
dry weight. 

Effects of N and P fertilizer application on 
cowpea seed N, total plant N, seed crude protein, seed fat 
and seed fibre 
The concentration of nitrogen in cowpea seeds was 
positively significantly affected by the application of 
nitrogen fertilizer. This result agrees with earlier reports 
that the application of nitrogen to cowpea plants increased 
its quality as well as the nutritional value of cowpea seeds 
(Amujoyegbe and Alofe, 2003; Singh et al., 2007). The 
higher N content of seeds in N-treated plots is an 
indication that the plants made use of the applied N to 
improve their seed N content. 
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Similarly, total plant N was positively 
significantly affected by the application of nitrogen 
fertilizer. This suggests an increase in the availability of 
nitrogen from the soil and that the plants made use of the 
applied N to improve their N content. It has been reported 
that the quality as well as the nutritional value of cowpea 
seeds can be significantly increased with nitrogen fertilizer 
application (Amujoyegbe and Alofe, 2003; Singh et al., 
2007).  

Generally, crude protein content in cowpea seeds 
significantly increased with an increase in the rate of N 
fertilizer application. This was mainly due to the structural 
role of nitrogen in building up amino acids (Chintala et al., 
2012). This result is in agreement with the report by Singh 
et al. (2006) that the application of N significantly 
increased the percentage of protein in cowpea. 

Although N fertilizer application levels had no 
significant effect on cowpea seed fibre and fat contents, 
the highest values for these parameters were obtained from 
the 30 kg N/ha treatment. This result agrees with Khan et 
al. (1992); Sultana (2003) but contradicts the report by 
Ekhlas M. Musa et al. (2011) who observed a significant 
increase in cowpea fibre and fat content following N 
application. 

The rate of phosphorus fertilizer application did 
not significantly affect any of the quality traits studied. 
The results are, however, contrary to earlier reports that P 
application increases the nitrogen content in cowpea tissue 
(Uzoma et al., 2006), seed crude protein content (Kudikeri 
et al., 1973), and seed fat and fibre contents (Ekhlas M. 
Musa et al., 2011). 
 
Effects of N and P fertilizer application on the N, P and 
K content of cowpea residues 

In the case of N, P and K contents in cowpea 
residue, the greatest values were obtained with the 
application of 30 kg N/ha and the lowest in the control 
treatment (Table 4). The non-significant differences 
observed for N, P and K content of residues might be 
because the need for these nutrients (N, P and K) was very 
high at grain filing, thus each treatment remobilized as 
much N, P and K as possible from the vegetative parts. 
Araujo and Teixeira (2008) reported the important role of 
the remobilization of nutrients such as N and P from 
vegetative tissues to the reproductive parts for maximizing 
legume grain yield. Furthermore, in an experiment with 
common beans, Araujo and Teixeira (2003) found that the 
translocation of N and P to the seeds was more intense 
than that of photosythates. 
 
Interaction effects of N and P fertilizer application 

Interaction effects of N and P application on seed 
N content (Table-5), total plant N (Table-6) and seed 
crude protein content (Table-7) were significant at the 5% 
probability level. The application of 30 kg N/ha with 0 kg 
P2O5/ha produced the greatest total seed N (4.00 %), plant 
N (5.67 %) and seed crude protein (25.00 %), confirming 
the importance of nitrogen application in improving the 
quality of the cowpea plant and the nutritional value of the 
seeds (Amujoyegbe and Alofe, 2003; Singh et al., 2007). 

CONCLUSIONS AND RECOMMENDATIONS 
The study revealed that cowpea’s quality 

characters and nutritional value of seeds were optimum 
with the application of nitrogen at 30 kg/ha. However, P 
fertilizer application had no significant effects on these 
characters although nodulation in cowpea significantly 
increased with increasing levels of phosphorus. It can be 
recommended that 30 kg/ha N be applied to improve 
cowpea’s quality and the nutritional value of seeds in the 
semi-deciduous forest zone of Ghana. However, since 
these results are from one growing season, further studies 
are recommended especially with higher P rates to confirm 
our findings.  
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